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Background and aims: Internet gaming disorder (IGD) is an increasingly important topic and has been included in the
Diagnostic and Statistical Manual of Mental Disorders (DSM-5) research criteria. This study aims to validate the
Chinese version of the Ten-Item Internet Gaming Disorder Test (IGDT-10), a self-reported questionnaire based on
DSM-5 IGD criteria, and to estimate the prevalence of IGD in adolescents.Methods: The IGDT-10 was translated to
Chinese as a 10-item questionnaire rated on a 3-point Likert scale to evaluate the symptoms of IGD. Overall, 8,110
students from grade four to senior high who played Internet games were administered the questionnaire. In addition,
76 senior high-school students were interviewed using DSM-5 criteria to determine the optimal cut-off point that
ensures adequate sensitivity, speciﬁcity, and diagnostic accuracy. The cut-off point was determined using the
Youden’s index and optimal diagnostic accuracy. Results: The Chinese version of the IGDT-10 showed good internal
consistency (Cronbach’s α= .85) and adequate diagnostic efﬁciency (area under the curve= 0.810). Through
interviews, the optimal cut-off point was determined to be ﬁve out of the nine criteria (Youden’s index: 42.1%,
diagnostic accuracy: 86.8%, sensitivity: 43.8%, and speciﬁcity: 98.3%). In this study, the prevalence of IGD among
adolescent gamers was 3.1%. Conclusion: Findings evidence the validity and diagnostic accuracy of the IGDT-10 in
the assessment of IGD.
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INTRODUCTION
As Internet gaming has become more prevalent and in-
volved in people’s daily lives, the risk of addiction is
increasing and may become a major health problem. The
International Classiﬁcation of Diseases, 11th Revision, beta
draft designates “Gaming Disorder” as characterized by a
pattern of recurrent gaming online or ofﬂine manifested by
“(a) impaired control over gaming (e.g., onset, frequency,
intensity, duration, termination, and context); (b) increasing
priority given to gaming to the extent that gaming takes
precedence over other life interests and daily activities; and
(c) continuation or escalation of gaming despite the occur-
rence of negative consequences. The behavior pattern is
of sufﬁcient severity to result in signiﬁcant impairment in
personal, family, social, educational, occupational, or other
important areas of functioning” (World Health Organiza-
tion, 2018). Grifﬁths (1996) ﬁrst described technological
addiction as behavioral addiction that involves human–
machine interaction and is non-chemical in nature. Gam-
bling disorder is currently the only behavioral addiction
categorized in the “substance-related and addictive disor-
ders” section of the current Diagnostic and Statistical
Manual of Mental Disorders (DSM-5); this is due to
similarities in symptomatology and biology (Potenza
et al., 2003), genetics (Slutske et al., 2000), and treatments
(Hodgins, Currie, & el-Guebaly, 2001; Petry et al., 2006;
Petry, Weinstock, Ledgerwood, & Morasco, 2008). Internet
gaming disorder (IGD) is listed in Section 3 (Emerging
Measures and Models) of the DSM-5 (American Psychiatric
Association, 2013). The APA has identiﬁed IGD as a
potential disorder that might be included in the future
versions of the DSM, and the APA Substance-Related
Disorders Work Group has asked for research on IGD,
including its prevalence, validity of criteria, and cross-
cultural reliability (Hasin et al., 2013). Recent prevalence
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research into IGD has shown cross-cultural variability
(Przybylski, Weinstein, & Murayama, 2017) with East
Asian cultures having higher IGD prevalence than Western
cultures; however, the prevalence rate in these Eastern
culture studies is very likely to be inﬂated (Kuss, Grifﬁths,
Karila, & Billieux, 2014). While one large-scale cross-
cultural prevalence study has examined IGD (Przybylski
et al., 2017), no large-scale IGD study based on DSM-5
criteria has been conducted in any Asian countries.
Although several validated self-reported questionnaires re-
garding IGD exist (Lemmens, Valkenburg, & Gentile, 2015;
Petry et al., 2014; Pontes & Grifﬁths, 2015; Rehbein, Kliem,
Baier, Mößle, & Petry, 2015; Vadlin, Åslund, & Nilsson,
2015), few questionnaires have been speciﬁcally evaluated for
individual DSM-5 criteria of IGD, and none have been created
inMandarin or studied in an Asian country. There exists a need
for a questionnaire where each item corresponds to the appro-
priate DSM-5 nine-item criteria of IGD, enabling research into
the clinical signiﬁcance of each DSM-5 item and its relation to
diagnostic accuracy, sensitivity, and speciﬁcity.
The diagnostic stability of IGD is uncertain due to a
lack of longitudinal and cross-cultural studies. Increasingly
younger people are becoming Internet gamers, but most
studies have included adult groups (Mihara & Higuchi,
2017). For example, the participants in a recent large-scale
cross-country study in Germany, England, and the United
States were older than 18 years (Przybylski et al., 2017).
To examine diagnostic stability and ensure early prevention,
a detailed survey of elementary-, junior high-, and high-
school students is thus required.
This study adopted the Ten-Item Internet Gaming Dis-
order Test (IGDT-10), a DSM-5 criteria-based question-
naire, and validated it through structured interviews in the
Mandarin language, estimated the prevalence of IGD in
adolescents, and examined the estimated prevalence of IGD
in different age stratiﬁcations among adolescents.
METHODS
Participants and procedure
The participants were 8,110 students (5,133 boys and 2,977
girls) recruited from 169 schools (112 elementary, 39 junior
high, and 18 senior high schools) in Taiwan during August
2016–June 2017. Their ages ranged from 10 to 18 years
(M= 13.17, SD= 1.79). All participants played at least one
computer-based online game. After submitting informed
consent, all participants completed a written survey that
collected data on participants’ demographics, IGD symptoms,
and Internet gaming characteristics. Initially, 113 senior high-
school students were invited to participate in the interview
sessions as they self-reported playing mobile-based or com-
puter-based online games; 76 of these students reported
playing computer-based online games and were thus included
in this study. The structured interviews were conducted
individually by well-trained interviewers (senior graduate
students who majored in clinical psychology) to validate and
determine the cut-off point of IGDT-10. The interviewers
completed a standardized two-session training workshop
(3 hr/session) for the structured interview designed for
evaluating the IGD diagnosis in the DSM-5. Two experienced
psychiatrists who were experts in the ﬁeld of Internet addic-
tion taught and supervised the training workshop. During the
training sessions, all trainees were required to ﬁnish at least
two mock interviews, and their performance was discussed in
detail to ensure that the interviews are interrater reliable. All
mock interviews were videotaped. The interview session
lasted on average for 20–30 min. The IGD structured inter-
view was based on the research criteria of IGD in DSM-5.
Measures
Ten-Item Internet Gaming Disorder Test (IGDT-10). The
IGDT-10 is a self-reported scale for assessing IGD. The
instrument was developed based on the DSM-5 nine-item
criteria of IGD. Each criterion was operationalized using a
single item, except for the last criterion referring to “jeop-
ardy or losing a signiﬁcant relationship, job, or educational
or career opportunity because of participation in Internet
games,” which was operationalized using two items given
its complexity and description of more than one construct.
Participants were asked to rate items on a 3-point Likert
scale labeled 0 (never), 1 (sometimes), and 2 (often). The
IGDT-10 items were recoded into a “yes” (1) or “no” (0)
format to resemble the dichotomous structure of IGD in the
DSM-5. Because the DSM-5 criteria of IGD suggest that
behaviors are frequently repeated or continuously present,
only “often” answers were recoded as “yes.” Given that
questions 9 and 10 are related to the same criterion, they
were combined in the scoring, that is, answering “often” on
both Item 9 or 10 (or both items) scores only 1 point. Thus,
the composite score of IGDT-10 ranged from 0 to 9, with
higher scores indicating more IGD symptomatology.
The Chinese version of IGDT-10 was developed in this
study. Double back-translation was performed to avoid
language bias. First, the IGDT-10 items were translated
into Chinese by Dr. Y-HL, a board-certiﬁed psychiatrist
experienced in substance-related disorder and Internet ad-
diction. The initial results were then reviewed by another
bilingual psychiatrist, Dr. Y-CC for back-translation. Sub-
sequently, all authors carefully reviewed the initial back-
translation and compared it with the original IGDT-10. The
original and Chinese versions of IGDT-10 are listed in
Table 1. Orsolya Király, the corresponding author of the
original IGDT-10 (Király, Sleczka, et al., 2017), was also
invited to review our translation process.
Cronbach’s αs for IGDT-10 were .68 and .79, respec-
tively, based on the dichotomized nine items (Király,
Sleczka, et al., 2017) and the original 10 items with three
response options (Király, Toth, Urban, Demetrovics, &
Maraz, 2017). Cronbach’s α for the Chinese version of
IGDT-10 was .85, based on the original 10 items with three
response options. The cut-off point of the IGDT-10 Chinese
version was determined through receiver-operating charac-
teristic (ROC) analysis, with clinical interview as the
standard.
DSM-5 diagnostic criteria of IGD. The DSM-5 diagnos-
tic criteria of IGD comprise nine items: preoccupation,
withdrawal, tolerance, loss of control, abandoning other
activities, continued excessive use despite psychosocial
problems, deceiving regarding online gaming, escape, and
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negative consequences. We developed a structured inter-
view schedule to examine the DSM-5 criteria of IGD based
on two recent international recommendations (Grifﬁths
et al., 2016; Petry et al., 2014). The diagnosis for IGD in
the structured interview was based on the cut-off value of
5 suggested in the DSM-5.
Relevant features of IGD. To assess the relevant features
of Internet gaming, all the participants reported whether
they ever spent money on online games, the average time
(hours per week) spent on Internet gaming during weekdays
and weekends, body mass index (BMI), and myopia
(0= normal, 1= less than −3.0 dioptres, 2=−3.0 to −6.0
dioptres, 3=more than −6.0 dioptres).
Statistical analysis
The diagnostic ability of the IGDT-10 for IGD was evalu-
ated through a ROC analysis. The area under the ROC curve
(AUC) is a measure of the diagnostic efﬁcacy of IGDT-10.
The sensitivity, speciﬁcity, Youden’s index, and diagnostic
accuracy of IGDT-10 were evaluated for the diagnostic
positive and negative groups. Sensitivity and speciﬁcity
indicate the true positive and negative rates, respectively.
Youden’s index is deﬁned as sensitivity + speciﬁcity− 1.
In addition, positive (negative) predictive rate measures the
proportion of diagnostic positives among participants with
IGDT-10 scores higher (lower) than the cut-off points.
Diagnostic accuracy, which indicates the percentage of all
correct decisions, is obtained by dividing the number of true
positives and negatives by the number of all decisions.
The cut-off point of IGDT-10 is optimal for diagnosis
when the score is accompanied by the highest diagnostic
accuracy and the optimal Youden’s index. To conﬁrm the
validity of the IGDT-10 cut-off score proposed in this study
and to explore the characteristics of Internet gaming, parti-
cipants were further classiﬁed into IGD and non-IGD groups
according to the cut-off point of the IGDT-10. The demo-
graphic data and relevant characteristics of mobile gaming
were further compared between these two groups using a χ2
test or t-test. p< .05 was considered statistically signiﬁcant.
The analyses were conducted using SPSS 18.0 for Windows
(SPSS, Chicago, IL, USA).
Ethics
Informed consent was obtained from all participants and
their parents prior to assessment for those younger than
18 years of age. This study was approved by the institutional
Table 1. The original and the Chinese version of IGDT-10
The original IGDT-10 The Chinese version of IGDT-10
Please read the statements below regarding online gaming. The
questionnaire refers to ONLINE GAMES, but the reference to
“game” or “gaming” is used for the sake of simplicity. Please,
indicate on the scale from 0 to 2 (never, sometimes, and often)
to what extent and how often these statements applied to you
over the PAST 12 MONTHS!
請閱讀以下關於線上遊戲的敘述。這份問卷有些簡化成
「遊戲」或「玩遊戲」的字句，指的就是線上遊戲。請
依照你過去12個月的情形和頻率，在每個敘述選擇0分到
2分(從來沒有、有時候、經常)的評分。
1. When you were not playing, how often have you fantasized
about gaming, thought of previous gaming sessions, and/or
anticipated the next game?
當你沒有玩線上遊戲時，你多常幻想自己在玩線上遊戲、
想著前幾次玩遊戲的事；或期待下一次的遊戲？
2. How often have you felt restless, irritable, anxious and/or sad
when you were unable to play or played less than usual?
當你不能玩線上遊戲或是玩得比平常少的時候，你多常感
到靜不下心、煩躁、焦慮、或悲傷？
3. Have you ever in the past 12 months felt the need to play more
often or played for longer periods to feel that you have played
enough?
在過去的12個月裡，你感覺需要更常玩線上遊戲，或打更
久的時間才覺得你玩夠了？
4. Have you ever in the past 12 months unsuccessfully tried to
reduce the time spent on gaming?
在過去的12個月裡，你曾經試著減少花在線上遊戲的時
間，但沒有成功？
5. Have you ever in the past 12 months played games rather than
meet your friends or participate in hobbies and pastimes that
you used to enjoy before?
在過去的12個月裡，你曾經會玩線上遊戲而沒和朋友見
面，或不再從事你以前常參加的嗜好活動？
6. Have you played a lot despite negative consequences (for
instance, losing sleep, not being able to do well in school or
work, having arguments with your family or friends, and/or
neglecting important duties)?
即使線上遊戲的負面影響（例如減少睡眠、無法把學業或
工作做好、與家人或朋友爭吵、或無視於重要的責任），
你還是玩很多？
7. Have you tried to keep your family, friends, or other important
people from knowing how much you were gaming or have you
lied to them regarding your gaming?
你曾試著不讓你的家人、朋友或其他重要的人知道你玩線
上遊戲的時間，或你曾對他們謊稱你玩線上遊戲的情
形？
8. Have you played to relieve a negative mood (for instance,
helplessness, guilt, or anxiety)?
你曾玩線上遊戲來舒解負面的情緒（例如感到無助、內
疚、或焦慮）？
9. Have you risked or lost a signiﬁcant relationship because of
gaming?
你曾因為玩線上遊戲而可能危害或失去重要的人際關係？
10. Have you ever in the past 12 months jeopardized your school or
work performance because of gaming?
在過去的12個月裡，你曾經因為玩線上遊戲而使你在學校
或工作的表現陷入重大危機？
Note. IGDT-10: Ten-Item Internet Gaming Disorder Test.
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review board of National Taiwan University Hospital and
carried out in accordance with the latest version of the
Declaration of Helsinki.
RESULTS
Determination of cut-off point
To determine the cut-off score of IGDT-10, structured
interviews based on the DSM-5 diagnostic criteria for IGD
were used as the gold standard. The participants invited for
the structured interview process were 76 senior high-school
students (64 boys and 12 girls), all of whom belong to one
mixed-gender private high school in northern Taiwan. The
institution ensured that their students were available for
the interview; the institution had previously collaborated
with our research team. The age of the students ranged
from 15 to 16 years (M = 15.66, SD= 0.47). Participants
who reported having played at least one computer-based
online game completed the interview (age: M = 15.61,
SD = 0.49). Their composite scores on the IGDT-10 ranged
from 0 to 8 (M = 1.36, SD = 2.04). Eight of the 76 students
were diagnosed as having IGD. Table 2 presents the ROC
analysis proﬁle for IGDT-10 between the diagnostic posi-
tive and negative groups. The AUC was 0.810, evidencing
the high diagnostic efﬁciency of IGDT-10. A cut-off
point of 4/5 was optimal for discriminating cases of IGD
from diagnostic negatives (Youden’s index: 42.1%, diag-
nostic accuracy: 86.8%, sensitivity: 43.8%, and speciﬁcity:
98.3%).
IGD prevalence estimate and criteria endorsement
Figure 1 shows the frequency distribution of the number of
IGD symptoms reported in the total sample; 71.5% online
gamers did not report any IGD symptoms. Based on the
aforementioned cut-off point of 5 for classifying disordered
gamers, IGD prevalence estimate in the present sample
was 3.1%.
Table 2. Sensitivity, speciﬁcity, PPR, NPR, DA, and Youden’s index of cut-off points in IGDT-10 between diagnostic positive and negative
groups (N= 76)
Cut-off point Sensitivity (%) Speciﬁcity (%) PPR (%) NPR (%) DA (%) Youden’s index (%)
1 81.3 63.3 37.1 92.7 67.1 44.6
2 68.8 81.7 50.0 90.7 78.9 50.4
3 56.3 88.3 56.3 88.3 81.6 44.6
4 56.3 91.7 64.3 88.7 84.2 47.9
5 43.8 98.3 87.5 86.8 86.8 42.1
6 18.8 100.0 100.0 82.2 82.9 18.8
7 18.8 100.0 100.0 82.2 82.9 18.8
8 12.5 100.0 100.0 81.1 81.6 12.5
Note. IGDT-10: Ten-Item Internet Gaming Disorder Test; Sensitivity: the proportion of true positive rates; Speciﬁcity: the proportion of the
true negative rates; Youden’s index: deﬁned as sensitivity+ speciﬁcity – 1; PPR: positive predictive rate, indicated the proportion of
diagnostic positives among participants with IGDT-10 scores greater than cut-off points; NPR: negative predictive rate, indicated the
proportion of diagnostic negatives among participants with IGDT-10 scores less than cut-off points; DA: diagnostic accuracy, indicated the
percentage of all correct decisions, which was the result of dividing the number of true positives and true negatives by the number of all
decisions. AUC= 0.810.
Figure 1. Frequency distribution of the number of Internet gaming disorder symptoms in the total sample (N= 8,110)
722 | Journal of Behavioral Addictions 7(3), pp. 719–726 (2018)
Chiu et al.
Table 3 shows the endorsement of each IGD criterion
(i.e., sensitivity and speciﬁcity) in the total sample and
among the IGD group. Sensitivity ranged from 67.8%
(negative consequences) to 85.1% (tolerance). Speciﬁcity
ranged from 90.1% (escape) to 98.2% (deception). In the
IGD group, the most common IGD symptom was tolerance
(85.1%), followed by escape (84.7%), continuation (83.9%),
preoccupation (83.9%), and withdrawal (80.4%). In the total
sample, the most common IGD symptoms were escape
(12.3%), preoccupation (10.2%), and loss of control (8.5%).
Demographic data and relevant characteristics of IGD
All participants were divided into three subsamples based on
their level of education (fourth to sixth grade, junior high,
and senior high school). Each subsample was further clas-
siﬁed into IGD and non-IGD groups according to the cut-off
point of 5 in the IGDT-10. Overall, the proportion of IGD
was 3.8% (82.5% boys) among elementary-school students,
2.9% among junior high-school students (83.2% boys), and
1.9% among senior high-school students (91.3% boys).
Among elementary-, junior high-, and senior high-school
students, 5.3%, 3.6%, and 2.6% of boys and 1.7%, 1.5%,
and 0.4% of girls, respectively, were diagnosed as showing
symptoms of IGD.
Table 4 presents the group comparisons of demographic
data and relevant characteristics of IGD. Signiﬁcant gender
differences exist between the IGD and non-IGD groups in
elementary school and junior and senior high-school stu-
dents. Compared with the non-IGD group, the IGD group
exhibited signiﬁcantly higher proportions of money and
time spent on Internet gaming per week. Furthermore,
signiﬁcant BMI differences were noted between the IGD
and the non-IGD groups in elementary school students but
not in junior high and senior high-school students. However,
the proportion of myopia did not differ signiﬁcantly between
the IGD and non-IGD groups in any group.
DISCUSSION
Several ﬁndings in this study are of signiﬁcance. The cut-off
point of 5/9 is consistent with the DSM-5 diagnostic criteria,
which requires ﬁve of nine criteria to be met for diagnosis.
Our cut-off point of 5/9 is also consistent with research on
IGD and IGDT-10 (Király, Sleczka, et al., 2017). However,
the original IGDT-10 cut-off point was determined using
latent class analysis and not structured interviews performed
by qualiﬁed interviewers. Our cut-off point of 5/9 is also
consistent with a validation study of the 5/9 cut-off point of
the DSM-5 criteria using interviews (Ko et al., 2014), but no
large-scale sampling was performed.
Regarding the prevalence estimate of IGD, this study
shows some level of consistency with earlier studies. Our
results reveal a signiﬁcant gender difference in IGD. Male
students in this study were more likely to meet the IGD
criteria, consistent with other culture studies (Haagsma,
Pieterse, & Peters, 2012; Rehbein et al., 2015; Strittmatter
et al., 2015). The prevalence estimate rate in this study was
3.1%, and approximately 71.5% of students failed to meet
any IGD criteria. This result is consistent with past research
that has demonstrated that a large proportion of Internet
gaming users are not pathological users (Király, Sleczka,
et al., 2017), and that around two thirds of Internet gamers
show no symptoms of misuse (Przybylski et al., 2017).
However, our prevalence of 3.1% is higher compared with
that in Europe (1.16% in Germany; Rehbein et al., 2015 and
2.7% in the UK; Przybylski et al., 2017) and North America
(1.2%–2.8% in the United States; Przybylski et al., 2017).
Studies have shown that Asian populations may have higher
IGD rates, with rates as high as 9.9% in Singapore (Gentile
et al., 2011), 15.7% in Hong Kong (Wang et al., 2014),
4.8%–5.8% in China (Yu, Li, & Zhang, 2015), and 10.8% in
Korea (Koo, Han, Park, & Kwon, 2017). However, the
measurement used in these Asian studies, with the exception
of Korean study (Koo et al., 2017), does not directly
correspond to the DSM-5 criteria. One reason for the high
prevalence estimate rates is the non-random sampling meth-
ods applied in these studies. Screening methods and instru-
ments may also inherently overestimate prevalence rates
when the disorder (e.g., IGD) has low prevalence in the
population (Maraz, Kiraly, & Demetrovics, 2015).
Compared with other populations, characteristics of
symptomatology frequency with regard to IGD in this study
had some similarities and some differences. Among all
Internet gamers, the most frequently met criteria were
Table 3. Sensitivity, speciﬁcity, and endorsement of nine criteria IGD in the IGD group and the total sample
Endorsement among the IGD
group (N= 255)
Endorsement in the total sample
(N= 8,110)
Criteria Sensitivity (%) Speciﬁcity (%) n % n %
1. Preoccupation 83.9 92.2 214 83.9 830 10.2
2. Withdrawal 80.4 96.6 205 80.4 473 5.8
3. Tolerance 85.1 94.7 217 85.1 636 7.8
4. Loss of control 71.0 93.5 181 71.0 693 8.5
5. Give up other activities 74.1 98.0 189 74.1 350 4.3
6. Continuation 83.9 96.0 214 83.9 529 6.5
7. Deception 70.2 98.2 179 70.2 318 3.9
8. Escape 84.7 90.1 216 84.7 995 12.3
9. Negative consequences 67.8 97.8 173 67.8 347 4.3
Note. SD: standard deviation; IGD: Internet gaming disorder; IGDT-10: Ten-Item Internet Gaming Disorder Test; BMI: body mass index;
OR: odds ratio; d: Cohen’s d.
Journal of Behavioral Addictions 7(3), pp. 719–726 (2018) | 723
Chinese version of Internet Gaming Disorder Test
escape (12.3%), preoccupation (10.3%), and loss of control
(8.5%). In the original IGDT-10 study, the most commonly
met symptoms were preoccupation (20.1%), continuation
(15.5%), and escape (13.0%) in a Hungarian sample popu-
lation aged 14–64 years (Király, Sleczka, et al., 2017).
Escape (5.30%) and preoccupation (3.91%) were also the
most common symptoms noted in a German population
aged 13–18 years, which is close to this study’s demo-
graphic (Rehbein et al., 2015). Among those who met the
diagnostic criteria for IGD, the three most common
symptoms were tolerance (85.1%), escape (84.7%), and
continuation or preoccupation (both at 83.9%). In the
original IGDT-10 study, the most common symptoms
among participants meeting the IGD diagnosis were
continuation (92.8%), negative consequences (81.2%), and
preoccupation (76.8%). Escape and preoccupation over-
lapped among all three studies as commonly met criteria
among all users.
This study indicates that the elementary group has the
highest prevalence estimate rate of IGD, and IGD preva-
lence estimate rate decreases as the students’ age increases.
While the gaming time increased with the students’ age, the
prevalence estimate rate of IGD decreased. One explanation
might be that the association between gaming time and IGD
is usually weak and that gaming time is a poor predictor of
IGD (Király, Sleczka, et al., 2017). No other study has
investigated IGD in adolescents as young as 10 years old
(fourth grade students). One explanation for this age differ-
ence is that IGD may not be a permanent phenomenon
(Konkolÿ Thege, Woodin, Hodgins, & Williams, 2015;
Rothmund, Klimmt, & Gollwitzer, 2016). Another cause
might be that the impulse-control capabilities of elementary-
school students are not yet mature. Adolescents are particu-
larly at risk for addiction (Volkow, Koob, & McLellan,
2016). The prefrontal cortex and other cortical networks that
are critical for judgement and self-regulation do not fully
mature until the age of 21–25 years (Giedd et al., 1999).
Compared with female students, male students in this study
were more likely to meet the IGD criteria, consistent with
the results in other cultures (Haagsma et al., 2012; Rehbein
et al., 2015; Strittmatter et al., 2015). Gender differences in
IGD may involve neurobiological changes. Among the
proposed mechanisms are the altered hippocampal volume
and functional connectivity (Yoon et al., 2017); altered
plasma metabolites, such as arabitol, myo-inositol, methio-
nine, pyrrole-2-carboxylic acid, and aspartic acid (Cho et al.,
2017); and stress vulnerability correlated with cortisol
response (Kaess et al., 2017).
No statistical differences in myopia were noted between
IGD and non-IGD students in all age groups, and only
elementary-school students displayed a difference in BMI
between IGD and non-IGD students. Longer follow-up
periods than usual are required to observe a signiﬁcant
difference between IGD and non-IGD groups with regard
to myopia. Students with IGD spent more money on games
compared with those without IGD in all three age groups.
The potential ﬁnancial impact of IGD upon adolescents
should be further investigated.
Several study limitations should be noted when interpret-
ing our ﬁndings. First, the sample was restricted to adolescent
students in Taiwan, which limits the generalization of our
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ﬁndings. Second, IGD was solely assessed on the basis of the
participants’ self-reported questionnaires and responses to the
diagnostic interview. Additional supplementary information
may conﬁrm these symptoms, including interviews with
guardians and other corroborating information. Our interview
sample was not randomly selected and was from one single
educational institution, which may inﬂuence the prevalence
estimate rates. The interviews were diagnosed based on the
cut-off value of 5, as suggested in the DSM-5. This result
might have inﬂuenced the determination of the optimal cut-
off value in the analysis. Finally, the cross-sectional design of
this study limited the possibility of making casual inferences
about the relationship between IGD and its health outcomes,
such as BMI and myopia.
CONCLUSIONS
The Chinese version of IGDT-10 is a validated questionnaire
based on the DSM-5 criteria for IGD evaluation. A cut-off
point of 5/9 determined using structured interviews is con-
sistent with earlier research on IGD criteria. A large sample
survey among adolescents indicated a prevalence estimate
rate of 3.1% among Taiwanese students from fourth grade to
senior high, with boys being signiﬁcantly more likely to
develop IGD than girls.
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